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Introduction
Critically ill patients who undergo pleural drain insertion have a 
10% risk of complications, the consequences of which may be 
life-threatening.1-4 These adverse events seem to be directly 
related to the size of the catheter used (the larger the catheter, 
the more severe the adverse event) and to the experience level of 
the operator.5-7 Feasibility and periprocedural safety in this con-
text have been analyzed and are the subject of various guidelines, 
underlining the importance of the training process and the use 
of reduced caliber drains and point-of-care ultrasound.8-10

Forty-one percent of patients admitted to intensive care 
unit (ICU) show various degrees of pleural effusion (PLEFF), 
whereas another 20% will develop it during their stay in the 
ICU.11-13 Consequently, a successful PLEFF drainage consti-
tutes a fundamental component of patient care and may be 
required to obtain a diagnosis (even in the case of small effu-
sions) or to increase patient oxygenation by re-expanding a col-
lapsed lung, with subsequent benefits in ameliorated patient 
symptoms and fatigue.14,15 However, many doubts persist about 
the actual effectiveness of this procedure in the ICU setting 
and the timing of the procedure (early or delayed), and data 

from large controlled clinical trials are still lacking. Although 
the placement of a pleural drain is on the core curriculum of an 
intensivist, many are not certified in execution proficiency as no 
universal standards exist regarding certification.

Our residents in Anesthesia and Intensive Care Medicine 
undergo both theoretical and practical courses, and their com-
petences are repeatedly tested in a simulator-based environ-
ment until they achieve adequate proficiency before dealing 
with real patients (under continuous expert supervision). We, 
therefore, hypothesized that the prevalence of complications in 
ultrasound-guided small-bore pleural drain insertions per-
formed by our residents would be relatively low, residing within 
the bottom end of the range of complication rates reported in 
the literature.

The primary aim of this observational study was to assess 
the prevalence of complications related to ultrasound-guided 
percutaneous small-bore pleural drain insertion. Secondary 
objectives were to study the correlation between thoracic ultra-
sound (TUS) estimation of PLEFF and the amount of fluid 
drained and to analyze patient respiratory outcomes after the 
procedure.
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Materials and Methods
Study population

This was a single-center observational retrospective study, 
approved by our Institutional Ethics Committee on October 5, 
2017, protocol number #12489, in which the principal investi-
gator is LV. Given its retrospective design, patient consent was 
waived, but we respected the European Privacy Regulation 
2016/679 on General Data Protection Regulation.

All participating patients had been admitted to the ICU 
of the tertiary care academic hospital (Azienda Sanitaria 
Universitaria Integrata) of Udine, Italy; this ICU is primar-
ily, but not exclusively, dedicated to postsurgical patients 
and liver transplant recipients. All patients had received a 
percutaneous small-bore pleural drain placed by a senior 
resident (with the supervision of an intensivist with at least 
5 years of experience) using the Seldinger technique. 
Exclusion criteria were the following: chest drain already in 
place at the time of admission, surgical placement of a tho-
racic drain, loculated effusion, hemothorax, and patient age 
<18 years.

The decision regarding whether to place the drain was 
made on clinical grounds alone and was not protocol-driven. 
The correct placement of the catheter was verified by an 
anterior-posterior chest X-ray obtained by a radiologist, 
with 12 years of experience, blinded to the procedure. 
Pneumothorax was measured, using the available chest 
X-ray projection (anteroposterior, taken in the ICU), at the 
level that showed the largest distance in millimeter between 
the outer margin of the collapsed lung and the chest wall. 
Measurements were performed using electronic calipers on 
images displayed on a picture-archiving and communication 
system (SuitEstensa; Esaote, Genoa, Italy). An incorrect 
drain position was defined as the drain being inserted too 
deeply into the pleural cavity (ie, catheter tip exceeding half 
of the hemithorax) and/or the presence of an abnormal kink 
in the catheter along its path from the subcutaneous tissue 
into the pleural space.

Ultrasound techniques

Lung ultrasound was used to evaluate and quantify PLEFF 
and performed according to Balik’s instructions.16 The patient 
was placed in the supine position with mild torso elevation 
(15°). The size of the PLEFF was measured in millimeters 
(Sep mm) as the maximal distance at end-expiration between 
visceral and parietal pleura along the posterior axillary line 
with the probe in transverse position. The effusion volume was 
estimated using the formula: V (mL) = 20 × Sep (mm). We 
have previously described the methodology used in a step-by-
step manner17 as well as the importance of correct patient 
positioning.18 A Philips Envisor C 1.2 (Philips, Andover, MA, 
USA) ultrasound device with a curvilinear 2 to 5 MHz probe 
was used.

Education and simulator-based training

Our residency training involves a hands-on educational pro-
gram in which theoretical knowledge provided by experi-
enced assessors through frontal lessons19 (Supplemental 
material 1) is combined with simulator-based practical learn-
ing using an Ultrasound Thoracentesis Model THM-30 
(Simulab, Seattle, WA, USA)—this manikin is used to prac-
tice the execution of both landmark-guided and ultrasound-
guided thoracentesis techniques. Residents are evaluated by 
calculating a score developed to assess the proficiency acquired 
in this procedure and which we also use to continually assess 
our teaching methods.20

Outcome measures and data collection

The primary outcome was the occurrence of complications 
(including malpositioning) in small-bore pleural drain posi-
tioning. Secondary outcome measures were PLEFF size esti-
mation by TUS, the amount of fluid drained, and the 
postprocedure change in PaO2/FiO2 ratio.

A register was prepared to record the following information: 
demographic data, reasons for ICU admission, type of ventila-
tion, blood gas analysis, drainage side, TUS effusion size 
(measured as described above), and any difficulties encountered 
during the procedure. Following placement of the small-bore 
pleural drain, the amount of fluid drained in mL and the length 
of ICU stay were recorded. To minimize the possibility of bias 
in PLEFF estimated and the volume actually drained, a lung 
ultrasound examination was performed in the hours following 
the procedure as a control.

Statistical analysis

As described in the literature, the prevalence of complications 
during chest tube placement stands at around 10%.1 We calcu-
lated a sample size of at least 71 patients to detect the preva-
lence of complications with an estimated accuracy of 86% 
(estimated error ± 7%) and a confidence level of 95%.

Descriptive statistical analysis was performed for the main 
study variables: means and standard deviations were calculated 
for quantitative variables, and absolute and relative frequencies 
were calculated for qualitative variables. The 95% confidence 
interval was also calculated when relevant and applicable. The 
prevalence of complications was calculated. Univariate t tests 
were performed to evaluate differences between independent 
variables. The differences in proportions between categorical 
data were evaluated using the Fisher test. The effusion estimate 
was calculated using Balik’s formula: V (mL) = 20 × Sep (mm).15 
To analyze the correlation between 2 variables, both the Pearson 
correlation coefficient r and Spearman rho were calculated, as 
differences between the two can provide additional informa-
tion. The amount of PLEFF estimated by ultrasound was com-
pared with the actual amount drained using the Bland and 
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Altman method. We calculated both the Spearman correlation 
coefficient and the concordance correlation coefficient as corre-
lation indices of the 2 variables. To evaluate whether the size of 
the PLEFF or the extent of improvement in PaO2/FiO2 ratio 
was able to predict patient respiratory outcome following tho-
racic drain positioning, receiver operating characteristic (ROC) 
curves and the area under the respective ROC (AUC-ROC) 
curves were calculated, as were values for sensitivity and specific-
ity. All tests were 2-tailed and P values <.05 were considered 
significant. Statistical analysis was performed using a specially 
designed Microsoft Excel 2010 spreadsheet (Microsoft, 
Redmond, WA, USA) and GraphPad Prism software version 
6.01 for Windows (GraphPad Software, San Diego, CA, USA).

Results
Study population

A total of 71 patients were enrolled and a total of 87 small-bore 
pleural drains were positioned during the study period. Thirteen 
patients (18.3%) required the insertion of 2 chest tubes, and 2 
other patients (4.2%) required 3 catheters during their ICU 
stay. In total, 88 attempts to insert a small-bore pleural drain 
were made, 87 of which were successful. Of these, 16 were posi-
tioned by the senior intensivist following a failed attempt by 
the resident, giving a total of 71 successful placements per-
formed by residents. The demographic characteristics of the 
study population are shown in Table 1. In our ICU, mean 
patient age was 69 ± 11.55 years and advanced cardiac and/or 
pulmonary disease plus end-stage liver disease were present in 
57.7% of all cases. The ICU mortality rate in this study was 
28%—greater than the mean value reported in a recent 
European multicentre cohort study (23.9%).21

Primary results

Out of a total of 87 small-bore pleural drains, 51 (58.6%) were 
placed in the right hemithorax and 36 (41.4%) in the left. 
Overall, 71 (81.6%) pig-tail catheters and 16 straight catheters 
(18.4%) were positioned; bore size was always less than 16F 
(Table 2).

In 13 cases (14.8%), difficulties were encountered by the 
resident during the catheter’s progression over the Seldinger 
guidewire: 9 of these cases (69.2%) entailed pig-tail catheters, 
whereas straight catheters were being used in the remaining 4 
cases (30.8%). In 16 cases (18.4%), the chest tube was ulti-
mately positioned by the senior intensivist, who took over due 
to difficulties being encountered by the resident. In only 1 case 
did the procedure fail (1.1%, 95% CI = 0.03-6.1) for both the 
resident and the senior intensivist: the placement of a small-
bore pleural drain was deemed impossible following 3 failed 
attempts and the procedure was interrupted. In the failed case, 
a large tube was subsequently successfully placed by the tho-
racic surgeon.

Table 1.  Demographic data and patient characteristics.

Total patients (N) 71

M/F 41/30 (58%)

Mean age, y 69.48 ± 11.55

Cause of admission

  Postsurgical 25 (35.2%)

  Medical 45 (57.7%)

  Trauma 1 (1.4%)

ICU LOS, d 16.45 ± 16.76

Exitus, n 20 (28.2%)

No. of catheters per patient No. of patients

  1 55 (77.5%)

  2 13 (18.3%)

  3 2 (4.2%)

Abbreviations: F, female; ICU, intensive care unit; LOS, length of stay; M, male.

Table 2.  Site of insertion, catheter type, and complications after drain 
insertion.

Drain insertion

Intercostal space No. (%)  

4-5 6 (6.9)  

5-6 26 (29.9)  

6-7 26 (29.9)  

7-8 21 (24.4)  

8-9 5 (5.7)  

9-10 3 (3.4)  

Drain type

Caliber (F) Pig-tail
n = 71 (81.6%)

Chest tube
n = 16 (18.4%)

8 30 (42.2%) 2 (12.5%)

10 36 (50.7%) 2 (12.5%)

12 1 (1.4%) 7 (43.7%)

14 4 (5.7%) 5 (31.3%)

Complications

Event No. (%) 95% CI

Abnormal kink 8 (9.2) 4.1-17.3

Tip beyond half of hemithorax 28 (32.2) 22.5-43.1

PNX 19 (21.8) 13.7-31.9

Positioning failure 1 (1.1) 0.03-6.1

Positioning failure by resident 17 (19)

Abbreviations: CI, confidence interval; PNX, pneumothorax.
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In 8 cases (9.2%, 95% CI: 4.0%-17.3%), a successfully 
positioned catheter showed an abnormal kink in its course 
through the thoracic wall, as highlighted by chest X-ray, but 
in only 1 of these 8 cases were difficulties in insertion 
reported. Small pneumothoraces were found in 21.8% (95% 
CI: 13.7%-31.9%) of the study population, with a mean size 
of just 10 ± 6 mm (maximum size: 20 mm); no cases of 
hemothorax occurred.

Secondary results

Ultrasound assessment of the PLEFF size was performed in 
all cases, with an average value of 57.4 ± 19.9 mm, corre-
sponding to 1148 ± 430 estimated mL according to Balik’s 
formula (Table 3 and Figure 1). The amount of drained fluid 
following catheter placement was on average 1107 ± 487 mL. 
The correlation coefficients and Bland-Altman analysis used 
to evaluate the reliability of Balik’s equation in predicting the 
amount of drained effusion gave overall positive results. 
However, a difference was noted between the 2 sides: the cor-
relation for the right hemithorax was significantly better than 
that for the left hemithorax (Table 3, Figures 2 and 3).

Regarding the blood-gas analysis, the overall PaO2/FiO2 
ratio (expressed as mean ± SD) ranged from 191.44 ± 62.41 
before pleural drain insertion to 229.91 ± 79.72 after the pro-
cedure (P < .0001). Forty-nine (56.3%) small-bore pleural 
drains were placed in nonintubated patients; the average PaO2/
FiO2 ratio before placement was 195.94 ± 63.12 and rose to 
252.76 ± 84.26 after drain insertion. Of these patients, 19 
(38.8%) were subsequently intubated (orotracheal intubation) 
after catheter placement, whereas the remaining 30 (61.2%) 
maintained noninvasive ventilation. In these 30 patients (who 
were not intubated), the mean PaO2/FiO2 ratio before drain 
insertion rose from 207.87 ± 67.51 to 278.47 ± 87.11 after 
catheter positioning (mean of differences: +70.6, P < .0001). 
Considering the 19 patients who were intubated after drain 

insertion, the mean PaO2/FiO2 ratios before and after drainage 
were 174.89 ± 55.71 and 211.21 ± 73.31, respectively, reveal-
ing the limited efficacy of the procedure in these cases (mean of 
differences: +36.3, P = .0354; Figure 4).

Thirty-eight (43.7%) small-bore pleural drains were posi-
tioned in intubated or tracheostomized and mechanically ven-
tilated patients, and the average PaO2/FiO2 ratio rose from 
185.63 ± 61.84 to 217.82 ± 69.67. Regarding these 38 
patients, 22 (57.9%) achieved spontaneous respiration in the 7 
days following the procedure, whereas 16 (42.1%) remained 
mechanically ventilated. In the 22 patients who were upgraded 
to spontaneous breathing after drain insertion, the mean 
PaO2/FiO2 ratios before and after catheter positioning were 
181.55 ± 60.62 and 224.10 ± 66.1 (P = .0095), respectively. In 
the 16 patients who did not achieve spontaneous respiration 
following chest drainage, the mean PaO2/FiO2 ratios before 
and after drainage were 191.25 ± 65.03 and 209.19 ± 76.64 
(P = .0390), respectively (Table 4). Considering these data, it 
appears that the patients in whom the drainage was most 
effective in terms of PaO2/FiO2 ratio increase are also those 
who did not require intubation or were successfully weaned 
from mechanical ventilation (Table 4).

Finally, we also tested the hypothesis that the amount (in 
millimeters) of PLEFF measured by means of TUS could 
predict the patient’s respiratory outcome (maintenance of 
spontaneous breathing or weaning from mechanical ventila-
tion); this hypothesis was based on the prediction that the 
greater the volume of PLEFF to drain, the greater the benefit 
the patient would obtain from receiving a pleural drain. 
However, the data collected in this study did not show any 
clear association (AUC-ROC = 0.611 and 0.553 in spontane-
ous breathing and mechanically ventilated patients, respec-
tively). Furthermore, no correlation was found between 
quantity (in milliliters) of drained effusion and improvement 
in respiratory exchanges (Spearman ρ = 0.154, Pearson 
ρ = 0.181; see Supplemental materials 2-4).

Table 3.  Pleural effusion measures, BA analysis, and correlation coefficient.

Overall
N = 83

Right hemithorax
n = 47

Left hemithorax
n = 36

TUS measure, mm 57.4 ± 19.9 56.3 ± 20.4 58.1 ± 19.5

Balik’s formula estimate, mL 1141 ± 406 1126 ± 422 1162 ± 390

Drained amount, mL 1098 ± 449 1155 ± 411 1022 ± 490

BA bias, mL 43 −29.8 139

95% LoA, mL −515 to 601 −468 to 409 −504 to 782

CCC 0.775 0.853 0.691

Pearson ρ (precision) 0.783 0.856 0.745

Bias correction factor Cb (accuracy) 0.989 0.997 0.927

Abbreviations: BA, Bland-Altman; CCC, concordance correlation coefficient; LoA, limits of agreement; TUS, thorax ultrasound.
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Discussion
The main finding of our study was the absence of serious com-
plications resulting from the positioning of small-bore pleural 
drains by resident doctors in the ICU, although a rather high 
number of irrelevant pneumothoraces did occur despite the use 
of TUS. Small-bore pleural drain insertion is becoming a first-
line therapy for the treatment of benign PLEFF in the ICU; it 
is also used for malignant PLEFF by pulmonologists.22,23 In a 
recent consensus conference in the United States, experts stated 
that “pulmonology fellows should perform a minimum of 20 
image-guided thoracostomies and 20 indwelling pleural cathe-
ter placement procedures annually to obtain standard accredita-
tion.”24 Whereas, for a senior intensivist, the performance of at 

least 10 procedures per year as baseline should provide proce-
dural supervision proficiency.25 To the best of our knowledge, 
no such accreditation program exists for resident doctors and 
intensivists in the Anesthesia and Intensive Care setting. In the 
University Hospital of Udine, Italy, resident doctors are trained 
using a phantom model before approaching real patients, and 
TUS is routinely used to identify the best puncture sites.19,20 It 
is probable that both these factors help our doctors to become 
quickly proficient in this procedure. Medical simulators have 
greatly evolved over the past 10 years, and their use means that 
hands-on experience with patients can be avoided before mini-
mum skill thresholds are surpassed. Furthermore, e-learning 
programs with serious games have been shown to be a valid and 

Figure 1.  Box and whisker plot showing TUS estimate of the pleural effusion size according to Balik’s formula and the volume in mL actually drained. 

Colored boxes extend from the 25th to the 75th percentiles; whiskers indicate the minimum and maximum values; plus signs indicate the mean value. (A) 

whole data set, (B) left hemithorax, and (C) right hemithorax. TUS indicates thoracic ultrasound.
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effective tool in medical education for chest tube insertion. 
The use of video recording provides us with a new tool that 
can help make the resident’s curriculum more objective.26,27 
Thus, video recording of procedures should be explored as an 
option in future prospective trials addressing resident doctor 
training in patient safety. Nevertheless, some clarifications 
must be made regarding our results: no serious complications 
occurred, such as hemothoraces or clinically relevant pneu-
mothorax, but 21.8% of our patients developed small, clini-
cally irrelevant pneumothoraces (in the literature, 
pneumothoraces have been reported to occur in 3.7%-18% of 
cases when ultrasound is not used).8,28 We must, however, 
restate that the pneumothoraces never caused any serious 
problems in the patients, as the mean size of pneumothorax 
was just 10 ± 6 mm (maximum size: 20 mm). Although the 
use of TUS seems to be associated with a reduced rate of 
pneumothorax, in our particular case, we must point out that 

the low experience level of the residents (the use of TUS 
makes the procedure longer and more technically demand-
ing) could explain the high incidence rate of small pneumo-
thorax. We can therefore conclude that the skill and experience 
level of the operator is a variable to which the safety of the 
maneuver is related, regardless of whether ultrasound is used 
or not. Moreover, we emphasize the fact that an expert radi-
ologist was involved in the evaluation of the control chest 
X-rays, so the sensitivity of our study in the diagnosis of 
pneumothorax, especially small pneumothoraces, was prob-
ably very high. That said, the sensitivity of chest X-rays for 
the detection of pneumothoraces is not very high; thus, it is 
also possible that that incidence of pneumothoraces has 
been underestimated in previous studies.29,30 Regarding the 
rate of drain “malpositioning,” in this study, it occurred at a 
rate of 1.1%, concordant with literature data.31 We also 
report that most of the catheters considered malpositioned 

Figure 2.  Bland-Altman plots for measurement comparisons of estimated volumes (mL), according to Balik’s formula, and the volume actually drained: 

(A) whole data set, (B) left hemithorax, and (C): right hemithorax.
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were placed quite caudally, beyond the fifth intercostal 
space; this was a result of the use of TUS, which indicated 
the best position regardless of anatomical landmarks.9

As a secondary outcome, we studied the reliability of PLEFF 
estimation using TUS data and Balik’s formula. This formula 
is the most widespread method used in clinical practice to 
estimate PLEFF but to use it correctly it is very important to 
consider certain variables such as patient positioning, type of 
ventilation (mechanical versus spontaneous ventilation), the 
use of positive-end expiration pressure, and the side of the 
chest.18,31,32 Using the Bland-Altman analysis to evaluate the 
reliability of Balik’s equation, we found fair overall agreement 
between estimated effusion volumes and the volumes drained, 
but with better results for the right side compared with the left 
hemithorax. This finding supports the results reported by 
Vignon et al, who suggested that the heart on the left hemith-
orax acts like “a stone in a water recipient.”31,32 In our study, 

the ultrasound-guided placement of a small-bore pleural drain 
proved to be both a safe and an effective procedure for improv-
ing patient respiratory gas exchange, with a mean gain of 
46.1 ± 68.0 points in the PaO2/FiO2 ratio (implicating a 22% 
increase from preprocedural data; a relatively high value com-
pared with other studies).14,33 However, our study did not find 
a robust association between the level of the PLEFF and the 
improvement in respiratory gas exchange after chest tube 
placement, corroborating the conclusions of Dres et al.34 This 
means that the amount of PLEFF estimated by means of 
ultrasound cannot be the sole parameter used in the decision-
making process regarding the use of a pleural drain.35 
Conversely, from our data, it appears that the patients with 
good outcome (ie, who avoided intubation or were successfully 
weaned from mechanical ventilation) were those in whom the 
drain was the most effective in terms of PaO2/FiO2 gain (see 
Table 4). The positioning of a small-bore pleural drain is thus 

Figure 3.  Scatter diagram of TUS estimated volume and the corresponding actual drained volume for each patient: (A) whole data set, (B) left 

hemithorax, and (C) right hemithorax.
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Figure 4.  Study flowchart of patient outcome. NIV indicates noninvasive ventilation; OTI, orotracheal intubation; SB, spontaneous breathing; TRACHEO, 

tracheotomy.

Table 4.  Ventilatory outcomes after pleural drainage.

Spontaneous breathing patients
n = 49 (56.3%)

Mechanically ventilated patients
n = 38 (43.7%)

  Avoided intubation
n = 30

Subsequently intubated
n = 19

Successful weaning
n = 22

Failed weaning
n = 16

Mean P/F change 70.6 ± 73.3 36.3 ± 69.6 42.5 ± 70 17.9 ± 31.7

p 0.11 0.199

AUC-ROC 0.623 0.632

95% CI 0.4640-0.7816 0.4536-0.8106

Cut-off P/F change ⩾78 ⩾36

Sn 79% 81.2%

Sp 46.7% 54.5%

Abbreviations: AUC-ROC, area under the receiver operating characteristic curves; CI, confidence interval; p, paired sample T-T; Sn, sensibility; Sp, specificity.
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an important procedure which can induce a positive change in 
the patient, but deciding which patients are the best candi-
dates for the procedure must always be carefully evaluated. 
Although our data were not statistically powerful enough to 
draw any definitive conclusions, they do point toward some 
interesting statistical tendencies that are certainly worth con-
sidering when formulating a predictive index and deserve fur-
ther study.

Study limitations

Some limitations of our study need to be acknowledged: first 
of all, this was a single-center, observational study; second, we 
extensively use lung ultrasound in ICU, and our resident doc-
tors complete an annual internal course with a practical 
“hands-on” section in which they are required to place a 
small-bore pleural drain in a phantom model (note that there 
are no limits in access to this training); although we aimed at 
including all consecutive patients receiving small chest drains, 
some are missing from the data set due to the procedures 
being performed at night or over the weekend. Finally, we 
recognize the potential for distortion introduced by the resi-
dent doctor underreporting the complications encountered 
during the procedure.

Conclusions
We found ultrasound-guided placement of a small-bore pleural 
drain by resident doctors to be a safe procedure, although it is 
associated with a high rate of irrelevant pneumothoraces. The 
procedure improved patient respiratory gas exchanges, but did 
not correlate with the maintenance of spontaneous breathing 
or with weaning from mechanical ventilation. Estimating the 
amount of PLEFF by ultrasound is necessary to standardize 
the procedure, and, finally, resident doctor training and profi-
ciency assessment and their supervision by senior intensivists 
should be formalized.
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